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Abstract
I reconsider the cosmology of a 3-brane universe imbedded in a five-dimensional anti-de Sitter space
AdS5 with a cosmological constant and show that the resulting Friedmann equations for this system
are identical to those standard obtained in 4D FRW space-time in the presence of an additional den-
sity, playing two roles: the tension of the brane and the gravitino density We discuss some important
concequences on hot big bang cosmology.
I. Introduction
Recently, Randal and Sundrum have proposed two models in which our universe is a three-
brane imbedded in a ve-dimensional anti-de-Sitter AdS5 as a possible solution to the hierarchy
problem between weak and Planck scales [1,2]. In conrast with the Kaluza-Klein approach, their
models are based on the idea that standard model elds could be conned to a three-dimensional
world, corresponding to our apparent Universe , while gravity belongs to a higher dimensional
space. Two important questions arise concerning rst the validity of these models with respect
to the cosmological evolution of the Universe and second their agreement with recent observa-
tions. Due to the fact that the energy density of the brane is quadratic in the brane Friedmann
equations, under minimal conditions,the equations governing the cosmological evolution of the
brane are dierent from those derived in standard cosmology[3].In the rst part of this paper,
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I will review briefly the derivation of the brane-Friedmann equations, then I will show you that
these later are identical to those derived in the standard 4D hot Big-Bang model but with an
additional density term playing the role of the gravitino-density. We consider ve-dimensional
bulk space-time of the form [3]:
ds2 = −n(; y)2d 2 + (; y)2γijdxidxj + b(; y)2dy2 (1)
where y is the coordinate of the fth-dimension and  is the time-coordinate.Here, γij is a
maximally symmetric 3-metric whose curvature is parameterized by an integer k =-1,0,+1. As
in [3], we are interested on the hypersurface y = 0, which we identify with the world volume
of the brane that forms our universe.In Einstein elds of equation, the stress-energy tensor
T = Tbulk + Tbrane jy=0.Here Tbulk is assumed to be the cosmological constant and
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where the pressure p and the density  of the brane are time-dependent only.The presence of
the brane induce in fact a jump of the intrinsic curvature tensor (dened by Kalpha = h

rn
where n is the unit vector normal to the brane) related to the brane matter content according
to the Israel junction condition [K −K ] = 2S . If we admit the assumption that there is
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Here + indicates that we assumed that the matter component consists of the vacuum energy
and the ordinary matter.Equation (4) and (5) are regarded as 4D Newton’s constant of gravita-
tion and the cosmological constant, respectively.The last term in equation (3) becomes signicant
in the early universe due to the fact that for radiation, it is / a−8 while for dust,it is / a−6. Let
us now examine the standard 4D FRW cosmology but in the presence of extra density.In fact,in
standard cosmology, the cosmological fluid is in fact not unicomponent,instead matter and ra-
diation in desequilibrium coexist in many ’elementary subvolumes’ of the Universe.Some recent
measurements on the age of the Universe,Hubble parameter,deceleration parameter,gravitational
lensing,etc.,point to the need of extending the standard model by including some new energy
density (missing energy) in the present Universe [4].The standard Friedmann equations where













Here  is the standard 4D cosmological constant and  is the matter density.Now,we will suppose
that the total density is in fact the sum of the ordinary matter and exotic one in the form:
 =  jmatter + jexotic
From supergravity arguments [6,7,8,9], the gravitino mass is an important candidate for the
missing energy problem.To a rst approximation, we suppose that  jexotic= 3m28G where m ia a


























simultaneously. We refer to  as an additional density parameter. Choosing  = 2 and
 = c = 3
H20
8G
;  = 3(H20 −m2) in agreement with recent observations [10,11,12].These assump-
tions seems to indicate that there exist an important relation between the gravitino density in
4D space-time and the tension of the 5D space-time brane. Thus,our calculations seems to give
important features of brane-world cosmology and one might applicate this model to the dark
matter problem.The next step is to check whether we really need extra-dimension to describe




We will study now some important consequences to hot Big Bang theory by studying dier-
ent cosmological models. We shall consider a class of spacetimes described by the general FRW
line element [20]:
ds2 = −dt2 + R(t)2
[
dr2
1− kr2 + r
2(d2 + sin2 d2)
]
(12)


























We follow Carvalaho-Lima-Vega model [13] by considering the following dependence form of the





and of the quantum mass parameter m2 = γ
R2
,
where ;  and γ are dimensionless numbers of the order of unity. Recalling that GTR is a
classical theory. In order to get rid of the Planck’s constant dependence of , one needs to
have  / l−2P lanck( tPlancktH )2 where tH  H−1. Note that m is an elementary mass and can be
considered as equal to Planck’s constant divided by the product of the extension of the Universe
and velocity of light as follow m = h
Rc
. This explains the relation m2 = γ
R2
. Obviously, with such
time variation, the values of the quantum mass in the early Universe could be of the same order
of the GUT theories [18]. It might be responsible of the driven of various symmetry breaking
which have occured in the early Universe and maybe of the creation of the Universe itself. With
these assumptions, equations (5) and (6) gives rise to the following dierential equation that
governed the scale factor:
2RR¨ + [3γ(1− )− 2] _R2 + k − 3γ = 0 (15)
where we have the used the equation of state p = (γ − 1). The rst solutions in the matter-
dominated era and the radiation one are respectively:
_R2 = AR! + B (16)
_R2 = AR! + B (17)
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where 0 = − k
3γ




= (1− 3)( 2q0





In our model, if for instance, k = 3γ (a possible solutions are f = 1
3
; γ = k = 1g, fk = γ = 0g,
fk = ; γ = 1
3
g), then q0 = (1−3)2 , and from the elds equation, the age of the Universe will be
H0t0 =
2
(2−3) . If for instance, it follows that 1  H0t0  43 in accordance with observations limits
0:6  H0t0  1:4 claimed by several authors, then −0:25  q0  0 and 0:22H20  m2  H20 . The
major dierence between the standard cosmology and our model is that we coudl be placed in
an open non-flat space-time. In inflation theory, q0 = 0;  = 3H
2






which ruled out the observations [22]. For k = 3γ, one nds H20 le  1:5H20 ,
1
3
   1
2
and 0:5 < Ω0 < 0:6. When  = k = 0;  = 0:5, one nds a non-singular model in
the sense of Ozer and Taha [23], but the major dierence is that on their model k =  = 1.
In this case, we have an interesting flat cosmological model, borm without singularity and free
from cosmological problems. In the present model and for the particular case k = 3γ, we have




= (1− )(1− 2q0)ac0 H0 (19)
which is smaller than the creation rate in the steady-state cosmology. For the particular case
Ω0 = 0:4, one nds a rate of 0:8(1− )ac0 H0 smaller than that of the Hoyles model. For  = 0,
Carvalaho-Lima-Vega found the same rate of the steady-state model. In our model, we have
always a smaller rate.
b-Model II
In what follows, we solve rst equations (5) and (6) for the case of an empty Universe. For
this case, we follows Berman and Berman and Gomide [24], and suggests that the scale factor
vary as R = (Et)
1
λ and Ht = 1. In other sense, the deceleration parameter is supposed to be
constant, say q = − 1. Here E is a constant and  could be deduced from observations. Now
postulate that (t) = 3 t
−2
8G
and we work in the present phase of zero pressure, zero density and














If for instance, we take the special value  = 0:5, one nds m2 = 0:33H20 ,  = 2H
2
0 and q0 = −0:5
which corresponds to an accelerating Universe with the scale factor varying as R / t2. On the
other hand, Abdel-Rahman [25] found R2 = R20+t
2, but his model has zero cosmological constant
for a flat Universe and non-zero cosmological density. If according to recent observations, H0t0 
1, than m2 = 0:66H20 ,  = H
2
0 , q0 = 0 and R / t which also represent a derivation from Milne













If for instance  = 0:5, one nds m2 = 0:33H20 ,  = 1:25H
2
0 and q0 = −0:5 which corresponds to
an accelerating Universe with the scale factor varying as R / t2 which represents also a deviation
from standard inflation cosmology. If we follow recent observations and set H0t0  1:4, then
m2 = 0:476h20,  = 0:13H
2
0 and q0 = −0:286 which corresponds also to an accelerating Universe,
in agreement with recent measurements of luminosity distance based on Sne type Ia Supernovae
[26].
c-Model III
In this model, we take into account that there is no matter creation in the Universe which
is supposed to be flat. In addition we suppose that  = 3m2. This is to say that the vacuum
density and the gravitino density are equal. The generalized continuity equation is:
d
dt





where ~ =  + 3m
2
8G












This implies that R / t 43 (accelerated Universe). Simple calculations givs us Ωmatter = 0:77 and
Ωvacuum = 0:23. In radiation dominated Universe, let  =

8G
and  = 
t2
where  and  are
positive parameters. In this case, one nds R / tffrac23 which represents an Einstein-de Sitter
(EdS) Universe and Ωradiation = 0:25 and Ωvacuum+gravitino = 0:75. It is clear that Ωtotal = 1. The
inflationary paradigm requires this solution. The Universe in this case passes from EdS stage to
an accelerated one without creation of matter at all.
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d-Model IV















3γ − 2 −
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3γ − 2 − 2
)
= 0 (25)




1− 3 + AR
−2(1−3)(2−) (26)








In this case, we have two possibilities:












density parameter due to vacuum and gravitino contributions is Ωvacuum+gravitino =
2
3
. It is clear
that Ωtotal = 1 as required inflation.








1−3 t. But in this case Ωvacuum+gravitino <
2
3
for  < 1
3
, which implies that
Ωtotal < 1 in contrast with inflationary scenario. This is identical to the 2-inflation model.








Again we have two possibilities:
Case I:  = 1, k = 0 (flat space-time). In this case, one nds:  = 6
5t2










parameter due to vacuum and gravitino contributions is Ωvacuum+gravitino =
4
5
. It is clear that
Ωtotal = 1 as required by inflation.
7
Case II:  = 1, k = −1 (hyperbolic space-time). In this case,  = 6 + 18
11t2






(2− 5)t. But in this case Ωradiation < 15 and Ωvacuum+gravitino < 45 for  < 13 , which
implies again that Ωtotal < 1 in contrast with inflationary scenario (2-inflation model).
e-Model V
In this section bulk viscous model of the Universe is discussed. Weinberg [20] has suggested
that in order to consider the eect of bulk viscosity, the perfect build pressure should be re-
placed by the eective pressure ~p = p− 3H where xi is the coecient of bulk viscosity which is
supposed in our case time-independent and H is the Hubble constant. In addition, we suppose








gravitational constant decay according to the law G / _r
r
. Using these assumptions, equations
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The most intersting solution corresponds to the case where  = 2. Simple manipulations gives
us R / t and G / 1
t
. Most of the others case gives an inflationary scenarios. Our case gives a
decreasing gravitational constant in the sense of Dirac [12]. In this paper we have investigated
Einstein’s equation in the presence of gravitino density taken from supergravity considerations,
for the FRW Universe within the framework of General Relativity, where the cosmological con-
stant and the gravitino mass are variables. The ve models we have discussed contain important
features and characteristics. A natural extension of this work would be to investigate dierent
scenarios by considering non-singular solutions and variable gravitational constant and speed of
light.
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